Résumé. 2014 Dans des articles précédents [1] [2] [3] 
In the preceding paper [ 1 ], we have presented the measurements of the relaxation cross-sections uk for the k multipoles (k = 0, 1, 2, 3) for the sodium atom in the 4D level by collision with noble gases atoms. In another paper [2] , we reported the measurements of the broadening and shift cross-sections (Jb and us for the 3S-4D two-photon transition induced by collisions with the same noble gas atoms. We discuss in this paper the theoretical information on the sodium-rare gas interaction potential which can be deduced from these measurements. This paper is divided into three parts. In the first part, we briefly recall the principle of the semi-classical calculation of the uk cross-sections. In a second part we discuss some general properties of the uk associated with the symmetry of the interaction potential. In [4] ).
1. Semi classical calculation of the collision cross- sections. - The principle of such a calculation is wellknown (see for instance [5] ) and we just give the essential results in order to introduce the notation.
We consider a straight path trajectory model. The trajectory is defined by the relative velocity v of the colliding atoms and the impact parameter b. If the interaction between the two atoms is described by an interaction potential V(R), R being the internuclear distance, the problem of a single collision is reduced to the solution of the following Schrô [4] , an exact calculation made by Pascale [6] For the case of the 3 S(Lg = 0) -4 D(L = 2) two-photon transition, the two-photon excitation operator is purely quadrupolar [7] , [8] [2] show that uk has the same order of magnitude as ab while in other experiments [9] , [10] 0" k is much smaller than 6b. Physically, it is obvious that Qk cannot be much larger than ub because a collision which destroys the k-multipole of the excited state will also have a similar influence on the optical coherence. Mathematically, we demonstrate in Appendix 1 for a S-D transition that :
where uk is a mean value of the (Tk :
The inequality (8) gives an upper limit to the mean value of the relaxation rates of the multipole moments inside an excited level. The expansion of S over the irreducible tensorial basis set gives Using (9) , (13) and (14), we find, after performing the summation over the 3 j and 6 j symbols :
We deduce from this that the adiabatic approximation gives the following hierarchy for the Qk ; The radius of the noble gas in its ground state being about twenty times smaller than the radius of the sodium atom in its excited state, we are justified in neglecting Dl Q2 compared to Q, D2.
The effective Hamiltonian V(R), is obtained from Table II. a perturbation calculation up to the second order given in Appendix II. We find that a being the polarizability of the noble gas, r, the distance between the electron and the nucleus in the sodium atom, 0 the angle between the internuclear axis and r 1. The first term is the usual Van der Waals interaction for the alkali-noble gas interaction [12] . 
